Introduction
Our understanding of reproductive endocrinology in the marmosets and tamarins (Primates: Family Callitrichidae) has increased tremendously in recent years. One of the methodological advances that has led to such enhanced knowledge is the growing application of radioimmuno¬ assays to the measurement of urinary steroid and peptide hormones. The reproductive cycle in females of several species has been characterized by using these methods (see Brand, 1981;  Hodges, Gulick, Czekala & Lasley, 1981; French, Abbott, Scheffler, Robinson & Goy, 1983; Epple & Katz, 1984) .
The golden lion tamarin (Leontopithecus rosalia) and related species (L. chrysomelas and L. chrysopygus ; Rosenberger & Coimbra-Filho, 1984) are among the world's most endangered primate species (Mittermeier, Coimbra-Filho, Constable, Rylands & Valle, 1982) . In spite of its critical conservation status, virtually nothing is known about the endocrinology of the lion tamarin. In the only published report on endocrine states in golden lion tamarins, Kleiman, Gracey & Hodgen (1978) measured urinary chorionic gonadotrophin excretion in pregnant females and found detectable levels from 16 to 9 weeks pre par turn. Although a reproductive cycle has been identified on the basis of behavioural criteria (Kleiman, 1978) , no previous research has addressed the endocrine basis of this cycle. Here we report on patterns of urinary oestrogen excretion in non-pregnant, cyclic female golden lion tamarins.
Materials and Methods
The 5 golden lion tamarins (Leontopithecus rosalia) were born in captivity. All females were adult and paired with an unrelated adult male. One female had been paired with her mate for about 7 years, and the 4 remaining females were paired with an unrelated male at the onset of the sampling period reported here. Table 1 lists the colony members, ages, and dates of pairing. Buffer blanks were 1-46 ± 113 pg/tube (n = 8). Assay sensitivity was thus set at 3-72 pg/tube (mean + 2 s.d.). A urine pool from adult females was assayed in triplicate with each set of samples. Intra-assay variation, calculated as the mean coefficient of variation for the 3 samples in each assay, was 9-4%. Inter-assay variability was 130% (n = 8).
Creatinine assay. The oestrogen concentration of urine samples was divided by the creatinine concentration of the sample to control for variable fluid intake and output (Klopper, 1976; Hodges et al, 1981) . Creatinine was assayed by a modified Jaffé reaction end-point assay (Tietz, 1976) . Urine was combined with picric acid, NaOH, and glass-distilled water in optical cuvettes, and absorbance at 500 nm was read on a spectrophotometer. Intra-assay variability was 1-9% (n = 11) for a dilute urine pool and 0-4% (n = 9) for a concentrated urine pool. Inter-assay variability was 7-1 % (n = 23) for the dilute urine pool and 1 -1 % (n = 28) for the concentrated urine pool.
Assay validation and hydrolysis efficiency. The biological validation of the oestrogen assay was accomplished by assaying in triplicate serial dilutions of an adult female urine pool. In the serial dilution assays, volumes of urine assayed varied over 2 orders of magnitude (0005 to 0-5 µ ). There was a positive correlation between the volume of urine assayed and estimated oestrogen concentra¬ tions (pg/tube; Pearson product moment correlation; rr = 0-999), indicating that the volume of urine assayed did not influence the estimation of oestrogen concentrations.
Several assays were performed to determine the relative contributions of oestrone and oestradiol to the values obtained with unchromatographed urine samples and the oestrone antiserum (hereafter referred to as 'oestrogen'). Samples from an adult female urine pool were subjected to Chromatographie separation of oestrone and oestradiol. Sephadex (Pharmacia Fine Chemicals, Piscataway, NJ) was used as the solid phase and dichloromethane:methanol (98:2, v/v) was used as the liquid phase. An oestradiol antiserum (rabbit anti-17ß-oestradiol-6-BSA:
Miles Laboratories) was used to assay oestradiol. The cross-reactivity values for the antiserum pro¬ vided by the supplier were 1-6% for 17a-oestradiol, 1-4% for oestrone, and < 001% for progesterone and testosterone. Recovery of 3H-labelled oestradiol was 69-4 ± 3-3% (n = 2) and the values of unknown samples were corrected for procedural losses. Assay sensitivity was 2-2 pg/tube. Assay variation values have been previously determined for this assay system . Intra-assay variation was 6-7% and inter-assay variation was 14-7% (n = 8). The fifth female in the study, Female Em, showed no evidence of ovarian cyclicity. For the duration of the sampling period, she exhibited low and acyclic patterns of oestrogen excretion. Spikes in oestrogen excretion were rare and were at concentrations far below the peak values for cyclic females. Of 43 samples, only 5 had oestrogen concentrations exceeding 1 0 µg/mg creatinine, and no samples exceeded 1-5 µg/mg creatinine. Female Em was the youngest female in the study (1-5 years) and was housed in her family group immediately before the beginning of urine sampling.
The Chromatographie separation of oestrone and oestradiol revealed that oestrone was the predominant urinary oestrogen excreted by female golden lion tamarins. Table 3 shows urinary oestrone and oestradiol concentrations in pooled urine from adult females and in urine from a young adult female. In both samples, oestrone was excreted at much higher concentrations than oestradiol. In addition, while urinary oestradiol levels in the urine of the young adult female were twice as high as in the pooled urine of adult females, levels of urinary oestrone were 4 times higher in the adult urine than in that of the young female. complete with 25 µ ß-glucuronidase/sulphatase. Extraction without enzyme hydrolysis led to a greatly reduced recovery of labelled oestrogens. Table 6 presents the dose-response function for the ß-glucuronidase/sulphatase preparation in hydrolysing conjugated oestrogens in tamarin urine. Hydrolysis of urine samples with as little as 5 µ (500 Fishman Units) of the enzyme was sufficient to hydrolyse a substantial proportion of the conjugated oestrogens in tamarin urine. Urine samples in this study were routinely hydrolysed with 25 µ of the enzyme preparation.
Discussion
We have demonstrated that female golden lion tamarins exhibit 19-day cycles in urinary oestrogen excretion. Oestrone was excreted at 14-to 26-fold higher concentrations than oestradiol. All measures of oestrogen excretion, however, including a measure of unchromatographed urine assayed with an oestrone antiserum ('oestrogen') were positively correlated ( < 0001). Levels of oestrogen excretion among females were variable, but were generally consistent within an individual female. Oestrogen excretion after parturition was monitored, and several oestrogen cycles were noted before the onset of a subsequent pregnancy. The results presented here describe for the first time the endocrine characteristics of the ovarian cycle in female golden lion tamarins. The cycle length (19-6 ± 1-4 days) is shorter than the ovarian cycle reported for captive-born common marmosets (28-30 days: Harding, Hulme, Lunn, Henderson & Aitken, 1982; Hearn, 1982) , is slightly shorter than that in cotton-top tamarins (23 days: Brand, 1981; French et al, 1983) , and is very similar to the cycle length in the saddleback tamarin (18 days: Hodges et al, 1981; Epple & Katz, 1982) . The oestrogen cycle length of the golden lion tamarin compares favourably with the behavioural oestrous cycle length proposed by Kleiman (1978) for this species. She reported that, in certain pairs, peaks in sexual activity were observed with a 14-to 21-day periodicity. The shortest oestrogen cycle documented in the present study was 14 days, and the longest was 31 days. It is likely, therefore, that the behavioural oestrous cycles noted by Kleiman (1978) were associated with ovarian cyclicity. However, because not all pairs studied by Kleiman (1978) and saddleback tamarin (Epple & Katz, 1982) , long-term sampling and oestrogen determinations are required to give successful monitoring of reproductive condition in female lion tamarins.
The source of the individual variations in excreted oestrogen levels is not clear. Possibilities include differential water intake and output, differential creatine and creatinine metabolism and excretion (Klopper, 1976) , individual differences in hepatic or renal metabolism and clearance of steroids (Diczfalusy & Levitz, 1970) , or, possibly, individual differences in plasma concentrations. The high levels of oestrogen excreted in the urine of golden lion tamarin females^g /mg creatinine) are similar in magnitude to levels observed in other tamarins and marmosets (Lunn, 1978; Brand, 1981; Epple & Katz, 1982) , and are characteristically higher than levels of urinary oestrogens in prosimians, Old World monkeys, and apes Lippold, 1981; Shideler, Czekala, Benirschke & Lasley, 1983a; Shideler, Czekala, Kasman, Lindburg & Lasley, 1983b) . High levels of excreted oestrogens may be related to the extremely high levels of circulating steroids as reported for marmosets and tamarins (Chambers & Hearn, 1979; Torii, Utsu & Tanioka, 1981) .
Analysis of urine samples from the post-partum period indicated that ovarian cyclicity began about 20 days after parturition (Text- fig. 2 ). At least 3 cycles were observed before conception and subsequent pregnancy. In the absence of confirming LH or progesterone metabolite assays, how¬ ever, it cannot be determined whether the cycles represent ovulatory or anovulatory cycles. The dramatic rise in levels of excreted oestrogens noted around the time of pregnancy initiation in the lion tamarin has also been documented in the common marmoset. In this species, concentrations of urinary oestrone-3-sulphate rose and remained elevated beginning about 10 days after ovulation in the conception cycle (Eastman, Makawiti, Collins & Hodges, 1984 Adams & Fisher, 1975; French, 1983) , but is consistent with previous estimates of gestation length for lion tamarins based on behavioural and management criteria (Kleiman, 1978; Wilson, 1978) .
The early dramatic rise in oestrogen excretion associated with pregnancy may be a valuable tool from a reproductive management perspective. It potentially represents an endocrine marker of pregnancy within 2 weeks of fertilization, whereas changes in urinary chorionic gonadotrophin associated with pregnancy are not detectable until 1 month or more after fertilization (Kleiman et al, 1978) .
The relative proportions of oestrone and oestradiol excreted in the urine of golden lion tamarin females resembled those reported for cotton-top tamarins (Saguinus o. oedipus: French et al, 1983;  Hodges and saddleback tamarins (S.f.fuscicollis : Epple & Katz, 1982 . In all 3 species, oestrone is the predominant urinary oestrogen. This is in contrast to the common marmoset (Callithrix j. jacchus) in which oestradiol is reported to be the predominant urinary oestrogen in cyclic and pregnant females (Shackleton, 1974 (Shackleton, , 1975 Heger & Neubert, 1983; Eastman et al, 1984;  Hodges Graham, Collins, Robinson & Preedy, 1972) .
It has been suggested that the hydrolysis of oestrogen conjugates in tamarin urine with enzyme derived from Helix pomada may be ineffective or inefficient, especially for oestradiol glucuronide and, therefore, may lead to an underestimation of levels of excreted oestrogens  Hodges . However, the high percentage of recovery of 3H-labelled oestrone and oestradiol after ether extraction (Table 5) indicates that the Helix pomada enzyme preparation used in this and other studies has potent sulphatase and glucuronidase activity. In addition, the dose-response analysis of enzyme hydrolysis (Table 6 ) revealed that the volume of enzyme used for routinely hydrolysing samples (25 µ ) was sufficient to yield a maximal cleavage of conjugated oestrone and oestradiol in tamarin urine. Several workers have developed assays to measure conju¬ gated urinary steroids directly with an antiserum specific to the steroid conjugate (Bonney, Dixson & Fleming, 1979; Shideler et al, 1983b; Eastman et al, 1984) . It would be of interest to compare amounts of urinary oestrogen conjugates measured directly with the amounts of hydrolysed oestrogens in female lion tamarin urine.
